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(54) Continuous process for manufacture of gas diffusion layers for fuel cells 



(57) The invention relates to the field of electro- 
chemical cells and fuel cells, more specifically to mem- 
brane fuel cells such as polymer-electrolyte-membrane 
fuel cells (PEMFC) and DMFC and describes a contin- 
uous process for the manufacture of gas diffusion layers 
(GDLs). The process comprises a continuous compres- 
sion step by hot rolls to flatten the GDL prior to the as- 
sembly to membrane-electrode-assemblies (MEAs). 
Due to the low total surface roughness of the GDLs, less 
damage and perforation of the ionomer membrane oc- 
curs and the MEAs made therefrom reveal improved 
performance. 
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D s ription 

Field f the Invention 



™ Background of the Invention 
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652 A2. 

[0013] In the second method, CCB-technology, the catalyst layers are applied to the gas diffusion layers ("GDLs") 
first. Subsequently, two gas diffusion layers are assembled by means of heat and pressure with the ionomer membrane 
to yield a 5-layer MEA. This process is also referred to as hot pressing or lamination. This technology is described in 
5 US 4,876,115. 

[0014] Unfortunately, MEAs manufactured by laminating catalyzed anode and cathode GDLs onto both sides of a 
ionomer membrane are often prone to high hydrogen leakage rates. This is due to pinhole formation occurring during 
the lamination process, which is performed at high pressures and high temperatures. Generally, the surface of the GDL 
is very rough. Vertically oriented carbon fibers and needles, which peak out of the carbon substrate as well as sharp 

10 debris or coarse particle at the surface of the GDL substrate can penetrate or perforate the ionomer membrane creating 
pinholes and thin areas. The pinholes and/or thinned membrane areas lead to an increased hydrogen crossover from 
the anode to the cathode side. In addition to a loss of hydrogen efficiency, this leads to a drop of the cell voltage and 
in turn can significantly reduce the performance of the MEA. Furthermore, the pinhole formation may lead to a signif- 
icantly reduced operation time and durability of MEAs and PEMFC stacks produced therefrom. 

15 [0015] WO 01/04980 A1 discloses a gas diffusion electrode for electrochemical ceils based on low-cost manufac- 
turing processes. Graphitized fiber web structures with a high through-plane conductivity are used. The structures are 
impregnated with solutions of thermoplastic resins, preferably phenolic resins. A calendering process is following the 
impregnation of the GDL, wherein the web structure is usually heated to temperatures up to 250°C. This heated cal- 
ndering step is applied to dry the impregnated material, melt or cure the impregnation agent and to keep the calendered 

20 mat rial at the desired final thickness. After the calendering step, a heating treatment in a furnace at temperatures up 
to 1200°C is described as a final step. The problems of pinhole formation and broad parameter variations are still 
present when one uses these GDLs in MEA manufacture. 

[0016] In JP 2001 -8501 9A, a manufacturing method of electrodes for PEMFC is disclosed. After the application of 
a water-repellent carbon layer (i.e. microlayer), the surface of the gas diffusion layer ("GD^*) is flattened by applying 
25 a hot pressing step. This hot pressing step is performed in a discontinuous batch process, its use in a continuous high 
volume series production of MEAs is not feasible. Furthermore, parameters describing the surface roughness were 
not given. 

[0017] In EP 868 760 B1 and EP 1 042 837 B1, continuous methods for manufacturing of laminated MEAs are 
disclosed. No details are given in respect to an additional hot rolling/compression process of the GDL to improve the 
30 performance and quality of the MEAs produced according to the claimed processes. 

[0018] Thus, there remains a need to develop ways to produce more efficient membrane-electrode assemblies. The 
present invention addresses this problem by providing an improved process for manufacturing of gas diffusion layers 
(GDLs). 

35 Summary of the invention 

[0019] The present invention refers to the MEA manufacturing technology previously described and discloses a 
continuous process for manufacture of improved GDLs. The materials are used for manufacture of 5-layer MEAs. 
[0020] It was the object of the invention described herein to create a continuous manufacturing method for GDLs, 
40 which leads to products with low surface roughness. By use of these improved GDL products, the damage and pinhole 
formation of ionomer membranes in subsequent MEA assembly is prevented. The manufacturing method described 
in this invention comprises a continuous compression process. 

[0021] In summary, the present invention provides a process for manufacture of improved GDL materials character- 
ized by a low surface roughness of the microlayer /catalyst layer in a continuous process with high production speed. 

45 [0022] The term "surface roughness" hereby refers to the GDL surface, which is contacted with the ionomer mem- 
brane surface in subsequent MEA assembly process. Depending on the GDL manufacturing route, this surface can 
be the microlayer coated surface, the catalyst layer coated surface or the combined micro layer/catalyst coated surface 
of the GDL. For the sake of clarity, the surface of the GDL, which is not in contact with the ionomer membrane in the 
subsequent MEA assembly process, is not contemplated. 

so [0023] Surface roughness measurements are performed according to EN ISO 4287 using a "Perthometer Type PGK 
20", manufactured by Mahr GmbH, Brauweg 38, 37073 Goettingen/Germany. The total roughness ("Rt") is given by 
the following equation: 



55 R t = R P + R v 

-» 

In this equation (r f. to Articl 4.1 in ISO 4287/1998), the peak roughness Rp is th height of the highest peak in the 
roughness profile over the evaluation lenght ( l t ). Similarly, R v is the depth of the deepest valley in the roughness 
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D tailed description of preferred embodiments 
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[0033J The invention is now explained in more detail with the help of figure 1 . 
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[0034] Figure 1 depicts th continuous process for GDL manufacture according to the invention. The compression 
step is performed after the microlayer application. The GDL substrate is provided in roll form and wet proofed by 
impregnation with a PTFE suspension to a PTFE-content of about 5 - 30 wt.%. After that, the microlayer (consisting 
of carbon black and PTFE) is applied. Following the application of the microlayer, the GDL roll is heat treated in a 
5 combined drying/sintering stage, where the solvents are removed and the PTFE components are sintered. Then the 
hot-rolling/compression process at temperatures of 20 to 250°C is conducted and production speeds of 10 to 500 m/ 
min can be obtained. 

[0035] In a further step (not shown), the GDL roll can be assembled directly with CCMs (catalyst-coated membranes) 
in a continuous process to form 5-layer MEAs. However, when using a discontinuous process, the GDL roll is cut into 

10 individual substrates prior to ME A assembly. 

[0036] Furthermore, the compressed GDL roll may be coated with a thin catalyst layer by means of a catalyst ink 
and assembled with non-catalyzed ionomer membranes to yield 5-layer MEAs (either in a continuous or a discontinuous 
process). Again, when using a discontinuous process, the GDL roll is cut into individual substrates prior to the catalyst 
layer application and the MEA assembly. 

15 [0037] In an alternative embodiment of the invention, the continuous compression process is conducted after micro- 
layer application and after the application of the catalyst layer as a final step prior to the MEA assembly. The application 
of the catalyst layer can be performed by processes similar to those described for microlayer application and may 
require an additional drying step. 

[0038] The following examples describe the subject of the invention in more detail without limiting the scope of the 
20 invention. 

Example 1: 

[0039] A roll of carbon fiber paper (thickness 350 microns, porosity 85%; supplied by SGL Carbon Group, type Sl- 
25 GRACET) is wet proofed with a water-based PTFE solution (type Hostaf Ion TF 5032, Dyneon, Gendorf) in a continuous 
coating device to a PTFE content of 9 wt.%. A microlayer, consisting of carbon black and PTFE is applied to one side 
of the carbon paper by screen printing by use of a roll-to-roll screen printer. The ink used for printing has the following 
composition: 



12,0 g 


carbon black Vulcan XC 72 (Cabot Inc.) 


52,0 g 


Dipropyleneglycol 


25,0 g 


Mowital B20H (15 wt.% in Dipropylene-n-butylether) 


9,0 g 


Hostaflon 5032 


2,0 g 


water (deionized) 


100,0g 





[0040] In the next step, the GDL roll is heat-treated in a two-stage continuous tunnel furnace, in the first stage (at 
120°C) to dry the ink and in the second stage (at 390°C) for sintering of the microlayer. After the sintering stage, the 
40 GDL roll is led directly into a heated rolling mill while maintaining a surface temperature of about 1 00°C prior to entering 
the slit of the rollers. The operating parameters for the hot rolling process were: 



Temperature of rolls: 


210 °C 


Diameter of rolls: 


400 mm 


Rotating speed of rolls: 


10 rotations /min 


Production speed: 


12 m/min 


Compressive load: 


140 N / cm (linear force) 



[0041] In the compression process, the micro layer-coated GDL was flattened and any vertically oriented pins or 
needles in the surface were eliminated. The total surface roughness of the GDL surface (measured on top of the 
microlayer) is R t = 87,4 microns. The total production speed of the continuous process is 12 m/min. 
[0042] Following the compression process, the GDL roll is cut into discrete sheets and the individual GDL substrates 
are catalyzed with inks containing platinum based electrocatalyst by means of a screen printing process. The inks used 
for this purpose are described in EP 1 176 652 A2. The ink containing the PtRu/C electrocatalyst is used for the anode 
GDL and is described in Example 2, the ink containing the Pt/C catalyst is us d for the cathode side and is described 
in Example 1. 

[0043] A 5-layer MEA is made by placing a ionomer membrane (Naf ion® N1 1 2, Du-Pont) between two GDLs (forming 
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the anode and a cathode side of the ME A) and subsequently laminating the assembly in a hot or ss at far * 

[0044] The electrochemical test results are shown in table 1 . As a result, the open cel. voltage is improved. 
Comparative Example 1 

[0045] The GDLs are prepared according to the continuous process described in example 1 however th* h«. rom™/ 
Example 2 

H„ Prepared in 3 continuous P roces s according to the procedure described in example 1 Two of 

the non-catalyzed GDLs are cut out of the roll and combined with a catalyst coated membrane fCcST L^Ih Q 
cording to the technology dlsc.osed in EP 1 037 295 B1 ) and a 5-.ayer MEA Sl?C2Zr^' 
Th MEA reveals a very h.gh open cell voltage of 980 mV and improved cell performance parameters 

Electrochemical testing 

t mperature was 70»C. The open ^ZJ^^J^SS^t 9 W8S ambtent(1 bar) and the cel1 
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Comparison of MEAs based on standard and compressed gas diffusion layers fGDLs> 




Comparative Example 1 


Example 1 


Example 2 


GDL 

Total surface roughness (Rt, microns) 


124 


84 


88 


MEA - Open cell voltage (OCV; mV) 


930 


972 


975 


MEA - Cell voltage (U @ 600 mA/cm 2 ) 


603 


597 


602 
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5. Process according to one of claims 1 to 4, wherein on top of the microlayer a catalyst layer comprising an ionomer 
and an elect rocatalyst is deposited. 

6. Process according to one of claims 1 to 5, wherein the porous carbon support comprises a woven or non-woven 
5 carbon-based substrate material in roll form. 

7. Process according to one of claims 1 to 6, wherein the porous carbon support is wet-proofed by impregnation with 
a hydrophobic polymer before the deposition of the at least one layer. 

10 8. Process according to one of claims 1 to 7, wherein the steps of wet-proofing the porous carbon support, coating 
with microlayer, heat treatment and compression are conducted continuously. 

9. Gas diffusion layer for use in membrane fuel cells, wherein the total surface roughness ( R t ) of the microlayer 
surface is less than 100 microns. 

15 

10. Gas diffusion layer for use in membrane fuel cells, wherein the total surface roughness (R t ) of the catalyst layer 
surface is less than 1 00 microns. 

11. Use of the gas diffusion layers manufactured according to one of claims 1 to 8 for manufacture of membrane- 
20 electrode-assemblies. 

12. Membrane-electrode-assembly for membrane fuel cells comprising a gas diffusion layer manufactured according 
to one of the claims 1 to 8. 
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